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ABSTRACT 

T h i s  memorandum shows t h a t  a n  MSFN s t a t i o n  a t  T a n a n a r i v e  
can  p r o v i d e  e s s e n t i a l l y  t h e  same communica t ions  and  t r a c k i n g  
c o v e r a g e  for A p o l l o  m i s s i o n s  a s  a s h i p  l o c a t e d  n e a r  t h e  s o u t h -  
east  c o a s t  o f  Malagasy.  The p r i n c i p a l  c o n c l u s i o n s  a r e :  

1. T a n a n a r i v e  can  p r o v i d e  p o s t - i n j e c t i o n  c o v e r a g e  f o r  
most f i r s t  r e v o l u t i o n  i n j e c t i o n  o p p o r t u n i t i e s  d u r i n g  
t h e  t ime o f  t h e  l u n a r  month when t h e  i n j e c t i o n  would 
o c c u r  i n  t h i s  area.  A s h i p  p o s i t i o n e d  a t  47OE; 25OS 
c o u l d  p r o v i d e  a b o u t  t h e  same c o v e r a g e .  E i t h e r  
T a n a n a r i v e  or a s h i p  c o u l d  p r o v i d e  a l l  t h e  c o v e r a g e  
for second  and  t h i r d  r e v o l u t i o n  i n j e c t i o n  o p p o r t u n i t i e s  
i n  t h i s  area e x c e p t  for a v e r y  small r e g i o n .  

2 .  For e a r l y  e a r t h  o r b i t a l  c o v e r a g e  ( f i r s t  f o u r  r e v o l u -  
t i o n s ) ,  T a n a n a r i v e  and a s h i p  l o c a t e d  as above  a p p e a r  
t o  b e  e q u a l l y  e f f e c t i v e  o v e r a l l .  

3. F o r  l o n g  d u r a t i o n  e a r t h  o r b i t a l  m i s s i o n s ,  a s h i p  c o u l d  
b e  o p t i m a l l y  l o c a t e d  s o  t h a t  i t  would p r o v i d e  b e t t e r  
o v e r a l l  cove rage  t h a n  a f i x e d  g round  s t a t i o n  a t  
T a n a n a r i v e .  

4 .  A s t a t i o n  e q u i p p e d  w i t h  a Comsat t e r m i n a l  would have  
a n  a d v a n t a g e  i n  communicat ing w i t h  MCC-H. T h r e e  Apo l lo  
t r a c k i n g  s h i p s  a r e  b e i n g  e q u i p p e d  w i t h  Comsat 
t e r m i n a l s .  
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MEMORANDUM FOR F I L E  

A s t u d y  was u n d e r t a k e n  t o  d e t e r m i n e  t h e  communica t ions  
and  t r a c k i n g  c o v e r a g e  t h a t  a p roposed  USB s t a t i o n  a t  T a n a n a r i v e  
would p r o v i d e  i n  l i e u  o f  p l a c i n g  a t r a c k i n g  s h i p  i n  t h a t  v i c i n i t y .  
The e x a m i n a t i o n  was p r i m a r i l y  b a s e d  on two p r e v i o u s  s t u d i e s ;  
namely,  "A S tudy  o f  I n s t r u m e n t a t i o n  S h i p  Requ i remen t s  f o r  t h e  
A p o l l o  Program," da ted  S e p t e m b e r  14, 1963,  by Rellcomm, I n c . ,  
and ,  " I n j e c t i o n  S h i p  P o s i t i o n i n g  Technique  f o r  A p o l l o  Lunar  
M i s s i o n s , "  d a t e d  J u n e  23,  1 9 6 7 ,  p r e p a r e d  by TRW, I n c . ,  f o r  MSC. 

I n j e c t i o n  Coverage 

The c u r r e n t  S - IVB d e s i g n  l i m i t s  i n j e c t i o n  o p p o r t u n i t i e s  
t o  t h e  second  and  t h i r d  r e v o l u t i o n s  f o r  t h e  f i r s t  l u n a r  m i s s i o n .  
T h i s  c o n s t r a i n t  may be  removed f o r  l a t e r  l u n a r  m i s s i o n s .  T h e r e  
i s  no  r e q u i r e m e n t  f o r  t r a c k i n g  o f  t h e  a c t u a l  i n j e c t i o n  b u r n ,  
a l t h o u g h  v o i c e  and  t e l e m e t r y  communicat ion w i l l  be p r o v i d e d  b y  
t h e  Apo l lo  Range I n s t r u m e n t e d  A i r c r a f t .  

Ten m i n u t e s  of t r a c k i n g  of t h e  s p a c e  v e h i c l e  i s  
r e q u i r e d  d u r i n g  t h e  f i r s t  twen ty  m i n u t e s  a f t e r  i n j e c t i o n  b u r n  
c u t - o f f  t o  d e r i v e  t r a j e c t o r y  i n f o r m a t i o n  f o r  a GO/NO/GO 
d e c i s i o n . *  A l a r g e  r e g i o n  n e a r  t h e  s o u t h e r n  t i p  o f  A f r i c a  d o e s  
n o t  p r o v i d e  a d e q u a t e  cove rage  w i t h  e x i s t i n g  l a n d  s t a t i o n s  f o r  a 
l a r g e  p e r c e n t a g e  o f  i n j e c t i o n  o p p o r t u n i t i e s .  To meet t h e  r e q u i r e -  
ment t h a t  t h e  ground communication and  t r a c k i n g  s y s t e m  s h o u l d  not, 
impose l i m i t a t i o n s  on t h e  time when a l u n a r  m i s s i o n  may b e  unde r -  
t a k e n ,  t r a c k i n g  c o v e r a g e  must b e  p r o v i d e d  i n  t h i s  r e g i o n .  

The a r e a  e n c l o s e d  by t h e  o r b i t a l  g round t r a c k s  ( a s  ' 

shown i n  F i g u r e  1) a l s o  c o n t a i n s ,  t o  a c l o s e  a p p r o x i m a t i o n ,  t h e  
ground t r a c k s  of  t h e  t r a n s l u n a r  i n j e c t i o n  t r a j e c t o r i e s  f o r  t imes  
l e s s  t h a n  30 m i n u t e s  a f t e r  i n j e c t i o n .  The  c o v e r a g e  a t  2 1  
m i n u t e s  a f t e r  i n j e c t i o n  p r o v i d e d  b y  t h e  e x i s t i n g  l a n d  s t a t i o n s  
i s  shown i n  F i g u r e  2 .  

* " T r a j e c t o r y  Document No. 67-FMP-3, AS-504 and  Subsequen t  
M i s s i o n s ,  J o i n t  R e f e r e n c e  C o n s t r a i n t s , "  MSC and  MSFC, March 15, 
1967.  
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The e a r l i e r  Bellcomm s t u d y  i n d i c a t e d  t h a t  a s h i p  
p l a c e d  o f f  Sou th  A f r i c a  ( 4 7 " E ;  2 5 O S )  a l m o s t  c o m p l e t e l y  f i l l s  
i n  t h e  e x i s t i n g  cove rage  gap between t e n  minu tes  and  twen ty  
m i n u t e s  a f t e r  i n j e c t i o n  f o r  a l l  r e v o l u t i o n s .  T a n a n a r i v e ,  a s  
shown i n  F i g u r e  3 ,  would do e s s e n t i a l l y  t h e  same t h i n g .  T h i s  
g r a p h i c a l  p r e s e n t a t i o n  shows t h a t  t h e  b a s i c  r e q u i r e m e n t  o f  
t e n  minu tes  o f  t r a c k i n g  o u t  o f  t h e  f i r s t  twenty  m i n u t e s  a f t e r  
i n j e c t i o n  can  a lmos t  comple t e ly  b e  o b t a i n e d  b y  a s t a t i o n  a t  
T a n a n a r i v e .  Coverase on l aunch  az imuths  c l o s e  t o  72' on t h e  
f i r s t  r e v o l u t i o n ,  and 108" on t h e  second and t h i r d  r e v o l u t i o n  
would f a l l  s h o r t  o f  t h e  b a s i c  r e q u i r e m e n t  b u t  t h i s  would a l s o  
be  t r u e  f o r  t h e  s h i p  and to a lmos t  t h e  same e x t e n t .  

A s h i p  would have a keyho le  ( a p p r o x i m a t e l y  15") 
d i r e c t l y  overhead  and hence  a " b l i n d  s p o t "  f o r  a t r a j e c t o r y  
t h a t  would make a n e a r  overhead  pass.  ( I t  may be  p o s s i b l e  
t h a t  t h e  s h i p  cou ld  maneuver i n  such  a manner t h a t  no cove raye  
would b e  l o s t ) .  From t h i s  p o i n t  o f  view, a l a n d  station a t  
T a n a n a r i v e  may have an advantage  s i n c e  t h e  keyho le  for such  a 
s t a t i o n  would be  i n  a North-South d i r e c t i o n  and c l e a r  o f  any 
r e v o l u t i o n s  under  c o n s i d e r a t i o n  here .  T h i s  can  b e  s e e n  i n  
F i g u r e s  4 and 5 .  The keyho les  i n  t h e  o u t e r  cove rage  c o n t o u r  
(1190 nm a l t i t u d e ;  T L I  cu t -o f f  + 6 0 0  s e c o n d s )  a r e  o u t s i d e  
t h e  area o f  ground t r a c k s  and would c a u s e  no gaps  i n  i n j e c t i o n  
c o v e r a g e .  

If i n j e c t i o n  d u r i n g  t h e  f i r s t  r e v o l u t i o n  is a 
p o s s i b i l i t y ,  a s h i p  may be more u s e f u l  due t o  t h e  f l e x i b i l i t y  
i t  can  p r o v i d e .  A s  s e e n  i n  F i g u r e  3 ,  t h e r e  i s  a gap i n  
cove rage  between Ascens ion  and t h e  s h i p  ( 4 7 ' E ;  25's) f o r  
a z i m u t h s  close t o  72' on t h e  f i r s t  r e v o l u t i o n  and 108O on t h e  
t h i r d  r e v o l u t i o n ,  By moving t h e  s h i p  a t r a d e - o f f  can  b e  made 
between t h e s e  two gaps  t o  o p t i m i z e  cove rage  f o r  t h e  s p e c i f i c  
m i s s i o n  p l a n .  (The e a r l i e r  Bellcomm s t u d y  assumed t h a t  
i n j e c t i o n  would no t  take p l a c e  on t h e  f i r s t  r e v o l u t i o n ) .  

I n  t h e  TRW s t u d y ,  f o r  t h i s  p o r t i o n  o f  t h e  l u n a r  
month, two s h i p s  were p l a c e d  i n  t h e  v i c i n i t y  o f  S o u t h  A f r i c a ,  
one t o  west and t h e  second t o  t h e  e a s t .  Two s h i p s  would n o t  
b e  n e c e s s a r y  to p r o v i d e  t h e  b a s i c  r e q u i r e m e n t  o f  t e n  m i n u t e s  
o f  t r a c k i n g  o u t  of  t h e  f i r s t  twenty  minu tes  a f t e r  i n j e c t i o n .  
Both  were used  i n  t h e  b e l i e f  t h a t  b o t h  would b e  a v a i l a b l e  and ,  
hence ,  more cove rage  c o u l d  be p r o v i d e d  t h a n  t h e  b a s i c  r e q u i r e -  
ment c a l l e d  f o r .  A p p l i c a t i o n  of g r a p h i c a l  methods from t h e  
TRW s t u d y  has i n d i c a t e d  t h a t  t h e  same p o s i t i o n  ( 4 7 " E ;  25's) i s  
a near-optimum one f o r  dep loy ing  a s i n g l e  s h i p  to meet t h e  
minimum r e q u i r e m e n t  f o r  a l l  l aunch  o p p o r t u n i t i e s  ( i . e . ,  t h e  
two s t u d i e s  r e a c h e d  t h e  same c o n c l u s i o n  w i t h  regard t o  s h i p  
p o s i t i o n i n g  i n  t h i s  area.)  
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T h i s  one s h i p  p o s i t i o n  s u g g e s t e d  l i e s  t o  t h e  
s o u t h e a s t  o f  t h e  I s l a n d  o f  Malagasy. T a n a n a r i v e  i s  l o c a t e d  
n e a r  t h e  midd le  o f  t h i s  i s l a n d  (47'E; 19s). F i g u r e s  4 and 5 
i n d i c a t e  what coverage  cou ld  b e  p r o v i d e d  by a s t a t i o n  l o c a t e d  
a t  T a n a n a r i v e  ( T A N ) .  S i n c e  t h e  "TLI  c u t - o f f  + 600 seconds ' '  
c o n t o u r  for TAN o v e r l a p s  t h e  one f o r  Ascens ion  ( A S C )  for a l l  
l a u n c h  a z i m u t h s  on t h e  second and  t h i r d  r e v o l u t i o n ,  i t  can  be 
concluded  t h a t  t h e  b a s i c  r e q u i r e m e n t  o f  t e n  c o n t i n u o u s  m i n u t e s  
o f  t r a c k i n g  can  be m e t .  T o  q u o t e  t h e  TRW s t u d y  on t h i s :  T h e  
f i g u r e s  show " t h a t  i n  t h e  r e g i o n  o f  t h e  ground t r a c e s ,  t h e  
s t a t i o n  v i s i b i l i t y  c o n t o u r s  o v e r l a p  f o r  a l t i t u d e s  above 1190 
n a u t i c a l  mi l e s .  T h i s  a l t i t u d e  c o r r e s p o n d s  t o  t h e  a l t i t u d e  
t h a t  i s  a c h i e v e d  t e n  minu tes  a f t e r  t h e  T L I  c u t - o f f .  S i n c e  t h e  
ground t r a c e  o f  t h e  f i r s t  twenty  m i n u t e s  o f  t h e  t r a n s l u n a r  
c o a s t  c l o s e l y  approx ima tes  t h e  1 0 0  n a u t i c a l  m i l e  p a r k i n g  
o r b i t  t r a c e ,  t h e  c o n t o u r s  w i l l  a l s o  o v e r l a p  f o r  t h e  c o a s t  
p h a s e .  The o v e r l a p p i n g  o f  t h e  c o n t o u r s  i m p l i e s  t h a t  r eqa rd le s s  
o f  t h e  p o s i t i o n  o f  T L I  c u t - o f f  p o i n t ,  t h e  s p a c e c r a f t  w i l l  
g e n e r a l l y  b e  v i s i b l e  t e n  m i n u t e s  a f t e r  T L I  c u t - o f f  and w i l l  
r ema in  v i s i b l e  u n t i l  t h e  end o f  t h e  twenty-minute  p e r i o d .  T h i s  
s a t i s f i e s  t h e  minimum coverage  r e q u i r e m e n t . ' '  

An append ix  t o  t h i s  TRW r e p o r t  examined t h e  s h i p  
cove rage  n e c e s s a r y  f o r  more s t r i n g e n t  r e q u i r e m e n t s  such  as 
p r o v i d i n g  c o n t i n u o u s  coverage  from T L I  i g n i t i o n  u n t i l  t h e  end 
o f  t h e  f i r s t  t e n  minu tes  of  t h e  t r a n s l u n a r  c o a s t  f o r  i n j e c t i o n s  
d u r i n g  t h e  second  r e v o l u t i o n .  Under t h e s e  c o n d i t i o n s ,  two 
i n j e c t i o n  s h i p s  would b e  r e q u i r e d .  I n  g e n e r a l ,  t h e  more 
s t r i n g e n t  t h e  r e q u i r e m e n t s ,  t h e  more s h i p s  w i l l  b e  needed .  

E a r t h  O r b i t a l  Coverage 

For t h e  f i r s t  t h r e e  r e v o l u t i o n s  i n  e a r t h  o r b i t ,  
T a n a n a r i v e  and t h e  s h i p  appear  t o  be  e q u a l l y  e f f e c t i v e  o v e r a l l  
as shown i n  F i g u r e  6 and T a b l e s  I and 11. Tanana r ive  would 
f a v o r  t h e  az imuths  n e a r e r  72' whereas t h e  sh iD  i n  t h e  l o c a t i o n  
shown would p r o v i d e  b e t t e r  coverage  for t h o s e  l a u n c h  a z i m u t h s  
n e a r  108'. 

A computer  comparison was made o f  t h e  e a r t h  o r b i t a l  
cove rage  phase  of a l u n a r  m i s s i o n  p r o v i d e d  by a s t a t i o n  a t  
T a n a n a r i v e  (47'E; 19's) w i t h  t h a t  of  a s h i p  s t a t i o n e d  o f f  t h e  
s o u t h e a s t e r n  t i p  of Malagasy (47OE; 25's) w i t h  105 nm a l t i t u d e  
and  a minimum e l e v a t i o n  ang le  o f  0' from t h e  s t a t i o n s  t o  t h e  
v e h i c l e .  The f i g u r e s  shown i n  T a b l e s  I and I1 i n d i c a t e  t h a t  
n e a r l y  e q u a l  cove rage  o v e r  t h e  r a n g e  o f  l a u n c h  az imuths  f o r  
t h e  f i r s t  f o u r  r e v o l u t i o n s  i s  p r o v i d e d  b y  e i t h e r  s t a t i o n .  The 
f o u r t h  r e v o l u t i o n  was i n c l u d e d  i n  t h e  e v e n t  o f  an a b o r t  s i t u a t i o n .  
The g a p s  i n  cove rage  between s t a t i o n s  u s i n g  e i t h e r  t h e  s t a t i o n  a t  
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T a n a n a r i v e  or t h e  s h i p  are a l s o  t a b u l a t e d .  A l l  USB l a n d  s t a t i o n s  
p l u s  one i n s e r t i o n  s h i p  were c o n s i d e r e d  i n  d e t e r m i n i n g  t h e s e  gap  
t i m e s .  None o f  t h e s e  g a p s  i n  e i t h e r  c a s e  exceed  more t h a n  1 / 2  
r e v o l u t i o n .  

The one s i g n i f i c a n t  d i f f e r e n c e  t h a t  s h o u l d  b e  p o i n t e d  
o u t  i s  t h a t  t h e  s h i p  i n  t h i s  assumed l o c a t i o n  d o e s  n o t  p r o v i d e  
any  c o v e r a g e  on t h e  f i r s t  r e v o l u t i o n  f o r  l a u n c h  a z i m u t h s  c l o s e  
t o  72'. I n j e c t i o n  on t h e  f i r s t  r e v o l u t i o n  i s  n o t  p l a n n e d  f o r  
t h e  i n i t i a l  l u n a r  m i s s i o n  but  may be  p o s s i b l e  f o r  l a t e r  m i s s i o n s .  

Coverage f o r  a Long D u r a t i o n  M i s s i o n  

For a 14-day  m i s s i o n  w i t h  a c o n s t a n t  105 nm a l t i t u d e  
and  a n  e l e v a t i o n  a n g l e  o f  5', a s h i p  a t  t h e  l o c a t i o n  assumed i n  
t h i s  s t u d y  would p r o v i d e  a g rea t e r  number o f  c o n t a c t s  ( 8 6 ) t h a n  
T a n a n a r i v e  (60). More c o n t a c t  t i m e  (344 m i n u t e s )  would b e  
a c q u i r e d  by t h e  s h i p  t h a n  t h e  l a n d  s t a t i o n  ( 2 3 9  m i n u t e s ) . *  For 

' o t h e r  l o n g  d u r a t i o n  m i s s i o n s  w i t h  d i f f e r e n t  t r a j e c t o r y  para- 
meters, a s h i p ,  due  t o  i t s  m a n e u v e r a b i l i t y ,  c o u l d  b e  o p t i m a l l y  
p l a c e d  p r i o r  t o  l a u n c h .  

Ground Communication 

F i g u r e  7 shows t h e  ground communica t ions  r o u t e s  f rom 
T a n a n a r i v e  back  t o  t h e  U.  S .  main land  e x c l u d i n g  Comsat f a c i l i t i e s .  
These r o u t e s  a r e  combina t ions  o f  HF r a d i o ,  u n d e r s e a  c a b l e  and  
l a n d  l i n e s .  A s h i p  i n  t h e  v i c i n i t y  o f  t h e  Malagasy R e p u b l i c ,  t h e  
i s l a n d  on which T a n a n a r i v e  i s  l o c a t e d ,  would have  a p p r o x i m a t e l y  
t h e  same ground communicat ions r o u t e  p l u s  one e x t r a  IIF l i n k ,  s o  
t h a t  T a n a n a r i v e  would be  p r e f e r a b l e  o v e r  t h e  s h i p  e x c l u s i v e  of 
Comsat c a p a b i l i t y .  However, two o f  the  A p o l l o  s h i p s ,  t h e  Mercury 
and Reds tone ,  have  a l r e a d y  been equ ipped  w i t h  Comsat t e r m i n a l s  
and t h e  t h i r d ,  t h e  Vanguard i s  p r e s e n t l y  b e i n g  f i t t e d  o u t .  The  
s h i p s  s o  equ ipped  would have a s u p e r i o r  communica t ions  f a c i l i t y  
s i n c e  t h e  u n r e l i a b l e  l i n k  of HF r a d i o  would be  e l i m i n a t e d .  

C o n c l u s i o n s  

T h i s  s t u d y  compares t h e  communicat ions and  t r a c k i n g  
c o v e r a g e  p r o v i d e d  by a ground s t a t i o n  a t  T a n a n a r i v e  w i t h  a 
s h i p  l o c a t e d  i n  c l o s e  p r o x i m i t y  t o  t h e  i s l a n d  o f  Malagasy .  It 
d o e s  n o t  compare c o n s t r u c t i o n  and o p e r a t i n g  c o s t s ,  s c h e d u l i n g ,  
e t c . ,  and o n l y  t o  a l i m i t e d  d e g r e e  t h e  ground communica t ions  
f rom a s h i p  v e r s u s  a l a n d  s t a t i o n .  

*"Ana lys i s  of  A d d i t i o n a l  Communications Coverage t h a t  Could 
B e  Ob ta ined  by U n i f i e d  S-Band S t a t i o n s  a t  Canton I s l a n d ,  Kano, 
a n d  T a n a n a r i v e , "  August 30 ,  1966,  by J .  P .  Maloy, TM-66-2021-10. 
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The f o l l o w i n g  c o n c l u s i o n s  can  b e  made f rom t h e  da t a  
p r e s e n t e d :  

1. T a n a n a r i v e  can  p r o v i d e  p o s t - i n j e c t i o n  c o v e r a g e  f o r  
most  f i r s t  r e v o l u t i o n  i n j e c t i o n  o p p o r t u n i t i e s  d u r i n g  
t h e  t i m e  o f  t h e  l u n a r  month when t h e  i n j e c t i o n  would 
o c c u r  i n  t h i s  area.  A s h i p  p o s i t i o n e d  a t  47OE; 25’s 
c o u l d  p r o v i d e  about  t h e  same c o v e r a g e .  E i t h e r  
T a n a n a r i v e  o r  a s h i p  c o u l d  p r o v i d e  a l l  t h e  c o v e r a g e  
f o r  s econd  and  t h i r d  r e v o l u t i o n  i n j e c t i o n  o p p o r t u n i t i e s  
i n  t h i s  a rea  e x c e p t  f o r  a v e r y  small r e g i o n .  

2 .  For e a r l y  e a r t h  o r b i t a l  c o v e r a g e  ( f i r s t  f o u r  r e v o l u -  
t i o n s )  T a n a n a r i v e  and a s h i p  l o c a t e d  as above  appear  
t o  b e  e q u a l l y  e f f e c t i v e  o v e r a l l .  

3.  For long d u r a t i o n  e a r t h  o r b i t a l  m i s s i o n s ,  a s h i p  
c o u l d  be o p t i m a l l y  l o c a t e d  s o  t h a t  i t  would p r o v i d e  
b e t t e r  o v e r a l l  cove rage  t h a n  a f i x e d  ground s t a t i o n  
a t  T a n a n a r i v e .  

4 .  A s t a t i o n  equ ipped  w i t h  a Comsat t e r m i n a l  would have  
an  a d v a n t a g e  i n  communicating w i t h  MCC-H. Th ree  
A p o l l o  t r a c k i n g  s h i p s  a r e  b e i n g  e q u i p p e d  w i t h  Comsat 
t e r m i n a l s .  

A t t a c h m e n t s  
F i g u r e s  1-7 
T a b l e s  I & I1 
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T A B L E  I 

C O M P A R I S O N  OF TANAPJARIVE AND I N J E C T I O N  SHIP O R B I T A L  C O V E R A G E  
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F I G U R E  7 - COMPARISON OF COMMUNICATION L I N K S  FROM TANANARIVE AND THE S H I P  ( 4 7 O E ;  25's) 

FROM: NASCOM NETWORK GRAND 
COMMUN I CAT1 OMS R E L l  AB I L I  T Y  
REPORT FOR JULY 1967, BY GSFC 
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S u b j e c t :  Comparison o f  t h e  Communications From: J .  P .  Maloy 
and  T r a c k i n g  Coverage P r o v i d e d  
by Apo l lo  I n j e c t i o n  S h i p s  and  
Land S t a t i o n s  

D i s t r i b u t i o n  L i s t  

NASA H e a d q u a r t e r s  

Messrs. B. P.  
J.  A. 
J. K .  
T .  A .  
C .  M .  
J .  T .  
w .  E .  
L. M. 
J. D. 

Brown - MOR 
Edvards  - MLO 
Holcomb - MO 
Keegan - M A 0  
Lee - MO-4 
McClanahan - MOR 
Mil l e r  - MOG 
Robinson - TS 
S tevenson  - MO 

Rellcomm Inc. 

Mess r s .  G .  M .  Anderson 
D .  R .  Anselmo 
W .  J .  Benden 
A .  P .  Boysen, Jr. 
R .  K .  Chen 
T .  B .  H a e k s t r a  
E. 8 .  Hagner 
P .  L .  H a v e n s t e i n  
J .  J .  H i b b e r t  
W .  C .  H i t t i n g e r  
B .  T .  Howard 
J. E .  j o h n s o n  
E .  J .  K l e i n  
H .  Kraus 
J .  L .  M a r s h a l l  
K .  E .  M a r t e r s t e c k  
J .  Z .  Menard 
V .  S .  Murnmert 
I .  D .  Nehama 
B .  G .  N i e d f e l d t  
B .  F. O ' B r i e n  
T .  L .  Powers 
J .  T .  R a l e i g h  
P .  E .  Reynolds  
I .  I .  Rosenblum 
I .  M .  R o s s  
R .  M. S c o t t  
K .  H .  Schmid 
N .  W .  S c h r o e d e r  
L .  Schuchman 
R .  L .  S e l d e n  
P .  F .  Sennewald 
B .  P .  T u n s t a l l  
R .  L .  Wagner 
A .  G .  Weygand 
W .  D .  Wynn 
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